Cholinotrophic molecular substrates of mild cognitive impairment in the elderly.
Cholinergic nucleus basalis (NB) neurons provide the major cholinergic innervation to the cortical mantle, are selectively vulnerable in late stage Alzheimer's disease (AD) and require the neurotrophin, nerve growth factor (NGF) and its receptors (TrkA and p75(NTR)), for their survival. The molecular events underlying the demise of these neurons in AD were investigated using tissue harvested from participants in a longitudinal clinical pathological study of aging and AD who agreed to an annual clinical evaluation providing a categorization of no cognitive impairment (NCI), mild cognitive impairment (MCI) or AD and postmortem brain donation. Although the number of choline acetyltransferase (ChAT)-positive neurons was unchanged, TrkA and p75(NTR) receptor-containing neurons, which co-localize with ChAT, were significantly reduced in the NB of subjects with MCI and AD compared to those with NCI. These observations indicate a phenotypic down-regulation rather than frank NB neuronal degeneration in MCI. Expression profiling of single cholinergic NB neurons revealed TrkA but not p75(NTR) mRNA is reduced in MCI, suggesting that decreased neurotrophin responsiveness may be an early biomarker for AD. The NGF precursor molecule, proNGF, is increased in the cortex in MCI and AD. Since proNGF accumulates in the presence of reduced cortical TrkA and sustained levels of p75(NTR), a shift in the balance between cell survival and death molecules may occur in prodromal AD. Coincident with these phenomena, brain derived neurotrophic factor (BDNF) and its precursor molecule, proBDNF, are reduced in the MCI cortex, potentially depriving CBF neurons of additional trophic factor support. Moreover, there is a shift in the ratio of 3 repeat tau to 4 repeat tau gene expression, whereas total tau message is stable in NB neurons during the disease process. These data suggest there is a shift in cholinotrophic molecular events in MCI and early AD which may lead to cell dysfunction and eventual cell death over the course of the disease. These findings support the concept that from a neurotrophic pathobiologic perspective, MCI is already early AD.